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This thesis presents my work on exploring Light Induced Atomic Desorption (LIAD) for ul-
tracold atom experiments. With LIAD, it is possible to achieve faster control over the atomic vapor
pressure inside the vacuum chamber for the Magneto-Optical Trap (MOT). This can result in a
larger number of trapped atoms, which improves the signal strength in experimental measurements.
The basic physical principles governing the MOT are explained and a simple mathematical model is
presented to clarify the MOT fill dynamics. An overview of the LIAD effect and its mechanism are
presented and the observation of LIAD effect demonstrated a factor of 5.5 increase in the number
of atoms and decreased the time constant of the MOT fill by a factor of 2.
Dedication
To my mother.
Acknowledgements
First and foremost I would like to thank my dear advisor, Debbie. She is the person who
made research my passion. She has been so generous with her time, answering all of my questions
and raising her own questions that lead my research down the right path. She always treated me
as equal and gave me the freedom to choose many aspects of the research myself. I have learned
much from watching the way she solves problems and communicates with people. Debbie apart
from being a great advisor, has also been a great friend to me, always lending me an ear to talk
about my future and giving me her insights about it. I will always be thankful for the opportunities
and advices that she gave me.
My colleagues have been nothing but a great deal of support for me. Ruth Shewmon has
helped me in all aspects of my research and has guided me through many lessons of AMO research,
for which I am very thankful. Many thanks to Steven Moses, who built the Rb MOT for my set
up and also my lab-mates Tyler Cumby, Ming-Guang Hu and Alex Tingle who have always been
patient with my questions.
I wouldn’t have been able to accomplish all of this if it wasn’t because of my friends and
family. My brother, Firuz has been a great source of courage for any decision that I have made.
I want to also thank him for filling the empty space of my parents for me here in the US. My
friends, specifically Hadjar and Parsa have been a great support for me through many stressful and
frustrating moments of being a physics major. Finally I would like to thank the JILA staff, the
electronic shop and the machine shop staff whose help have been much help for my research.
Contents
Chapter
1 Introduction 1
1.1 Ultracold atomic gases? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.2 Glance over ultracold atomic experiments . . . . . . . . . . . . . . . . . . . . . . . . 1
1.3 Overview of my work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
2 Laser cooling and trapping 3
2.1 Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2.2 Basic theory of MOT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
2.2.1 Velocity-dependent force . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
2.2.2 Position-dependent force . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
2.3 Experimental set up . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
2.4 Mathematical Model of the MOT fill . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
2.5 Competing effects and MOT limitation . . . . . . . . . . . . . . . . . . . . . . . . . . 13
3 LIAD 15
3.1 Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
3.2 What is LIAD: How does it work? . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
3.3 LIAD experimental set up . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
3.4 Observations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
4 Conclusion and future work 23
vii
Bibliography 25
Appendix
A Calculating the number of trapped Rb atoms 27
Figures
Figure
2.1 Zeeman shift of alkali atoms in a quadrupolar magnetic trap . . . . . . . . . . . . . . 6
2.2 Magneto ptical trap set up . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
2.3 Rb cycling transition in MOT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
2.4 MOT loading curve . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
2.5 MOT loading rate vs. loss rate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
2.6 MOT loss rate vs. time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
3.1 Desorption laser threshold curve . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
3.2 LIAD observation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
3.3 MOT loss rate vs. loading rate in the presence of LIAD . . . . . . . . . . . . . . . . 21
3.4 LIAD effect vs. laser diode power . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
Chapter 1
Introduction
1.1 Ultracold atomic gases?
The study of ultracold atoms has led to some of the most interesting discoveries about many-
body quantum mechanics in the past century. It turns out when you get some atoms moving really
slowly, you can control them, and harness quite a lot of information from them. Once cold enough,
quantum effects dominate, which enables physicists to extract much useful information about the
quantum mechanical behavior of their system of interest. At room temperature atoms have quite
a lot of kinetic energy and so their thermal energy covers up their quantum effects. At ultralow
temperatures i.e. nK, the inter-particle distance in dilute gases is comparable to the thermal de
Broglie wavelength, which allows one to study quantum mechanical behaviors such as Bose Einstein
condensation and Fermi degeneracy. Some of the applications of ultracold atom physics research
include high precision atomic clocks, quantum computing and quantum information, and atom
interferometry. This area is one of the fastest growing areas of physics and is going to unveil many
interesting facts about the nature of our universe.
1.2 Glance over ultracold atomic experiments
A popular method for cooling atoms in AMO labs takes advantage of the magneto-optical
trap (MOT) for laser cooling and trapping of atoms. The MOT is usually the first stage of the
experiment and allows the collection of large number of atoms at temperatures as low as a few
Micro Kelvin [2]. The atoms can be collected from a room temperature atomic vapor in a vacuum
2system. In a typical quantum gas experiment, the atoms are then transferred to a purely magnetic
trap, where they get cooled down further to a few nano Kelvin using evaporative cooling techniques.
1.3 Overview of my work
Since we lose quite a lot (around 999 out of 1000) of our trapped atoms during the evaporative
cooling, improvement of collection efficiency in the MOT is the key point for these experiments
and this goal has been the focus of my research in the past year. I investigated Light Induced
Atomic Desorption (LIAD), which is a method for increasing the number of trapped atoms without
shortening the atom’s lifetime in the MOT.
In this thesis I will explain my investigation of LIAD, and the results that we observed in our
experiment, but before that, I would introduce the physical principles governing the MOT and the
mathematical model that describes the MOT fill behavior. Then I will discuss our experimental
set up and the limitation that this set up has, which is the key point in bringing my work into
perspective. Finally, after I present the results of LIAD, I will introduce the set up that optimizes
loading of the MOT in our experiment.
Chapter 2
Laser cooling and trapping
2.1 Overview
Laser cooling and trapping of atoms depends on the recoil momentum that is transferred
from photons scattering off an atom. This change in velocity of atoms (∆v = −2pi~massλ = 5.9×10−3 msec
for Rb atoms) is very small compared to the velocity of atoms at room temperature ( 290 msec for
Rb atoms),but exciting the atom on a strong atomic transition makes it possible to scatter many
photons per second. This means that laser cooling can still bring atoms to a velocity near zero.
The radiation field is a laser, which is red-detuned from the resonance frequency of interest. The
laser is red-detuned so that only the atoms moving opposite to the direction of laser beam can
interact with it due to Doppler shift, which makes the scattering rate velocity-dependent [2]. A
position-dependence to the scattering rate is created by using a quadrupolar magnetic field that
Zeeman shifts the relevant atomic energy levels. This regulates the rate at which an atom in a
particular position scatters photons from the laser beam and thereby causes atoms to get pushed
towards the center of the trap [2].
In this chapter, I will introduce a simple mathematical model that describes the number of
atoms in the MOT. This will make the competing effects present in the loading of MOT clear,
which was the incentive behind my project. I will also explain the experimental set up of the MOT
used in my experiment.
42.2 Basic theory of MOT
In a vapor-cell MOT, a warm (300 K) very low density gas of non-trapped atoms surrounds
a cold core of trapped atoms. During loading, atoms are fed into the cold core by external forces
that I will describe in the next two sections. The collisions between the cold trapped atoms and the
hot non-trapped atoms cause the trapped atoms to be knocked out of the trap, and so the loading
process described below has to compensate for this loss.
2.2.1 Velocity-dependent force
The strong forces of electric fields on charged particles allow ions to be trapped with high
kinetic energies but the forces available to trap neutral atoms are much weaker. In 1861, Maxwell’s
explanation of electro-magnetism clarified the quantitative behavior of the force exerted by electro-
magnetic radiation such as light. This force, namely the radiation pressure, exerted by a monochro-
matic source of light such as laser has been used as a tool for slowing down atoms.
This radiation pressure arises from the transfer of momentum when an atom scatters a
photon. The basic concept here is that when an atom absorbs light, it stores energy by going to its
excited state and it changes momentum by recoiling from the light source. The converse happens
when the excited atoms lower their energy by emitting a photon and going back to the ground
state[2]. Photons are scattered in random directions during the emission, so their contribution to
the atom’s momentum averages to zero [3]. Multiple absorptions and emission processes can be
used to produce large total velocity change, which will result in deceleration of atoms[2].
Laser cooling takes advantage of the Doppler shift, to make this scattering force velocity
dependent. When the light is tuned just below the atomic resonance frequency, atoms that are
moving towards the light will see the light Doppler shifted closer to their natural atomic resonance,
and thus will scatter more photons compared to the slower atoms. This compresses the velocity
distribution, and slows the atoms. This way the radiation, i.e. the laser, will only interact with
atoms moving opposite to the direction of the laser beam, and with velocities that cause Doppler
5shifts of atoms comparable to their natural transition width.1 This is the principle behind the
velocity-dependent scattering force used for cooling of atoms[4].
With this velocity-dependent force, random walk of the atoms can cause them to diffuse out of
the trap. To prevent this, a position-dependence is created by applying a spatially inhomogeneous
magnetic field to the trapping region, which I will explain in more detail in the next section.
2.2.2 Position-dependent force
A spatially inhomogeneous magnetic field, through the Zeeman shift of the atomic energy
levels, can regulate the rate at which an atom in a specific position scatters photons so that the
scattering force pushes the atoms to a particular position in the space. In a MOT, there is a
quadrupole magnetic field, formed by a pair of anti-Helmholtz coils. This inhomogeneous field
shifts the magnetic sub-levels so that the atoms preferentially absorb the polarized light going
toward the trap center and so they get pushed to the center of the trap[4].
This behavior is observed because of the position-dependent imbalance in the radiation force,
caused by the Zeeman shift of atoms in an inhomogeneous magnetic field. Consider an atom with
total electronic angular momentum ~J, with J=0 ground state and J=1 excited state (figure 2.1),
in a quadrupole magnetic field that increases linearly in the positive x-axis. When the atom is
displaced from the center of the trap along the positive x-axis, the ∆M = −1 transition moves
closer to the the laser frequency, since the laser frequency is red detuned with respect to the
atomic transition as explained in the previous section. By selection rules, the left-handed circularly
polarized light can excite this transition and gives a scattering force that pushes the atom to the
center of the trap [5]. The same thing happens to the atoms moving to the left of x-axis. The
only difference is that, in this case the atoms interact with the right-handed circularly polarized
light, and get pushed to the center of the trap. Thus this position dependent force acts just like
the restoring force of a spring, where the farther away the atoms get from the center of the trap,
1 The natural linewidth of an energy level is determined by the lifetime of the excited state, through the Heisenberg
uncertainty principle.
6the larger the force is pushing them back to the center of the MOT.
Figure 2.1 summarizes the theoretical principle explained above. Alkali atoms start off at their
ground state J=0. Due to the spatially inhomogeneous magnetic field, their excited-state energy
level, J=1, Zeeman shifts to separate the states according to their electronic angular momentum
projection on the z-axis (i.e. ML=-1,0,+1). Since the light coming from right is left-handed
circularly polarized, it only drives atoms to the ML=1 state, and the opposite applies to the light
coming from the opposite direction. The dotted line shows where the laser is locked with respect
to the alkali atom energy levels and ∆ shows the detuning of laser from the natural resonance
frequency.
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Figure 2.1: J=0 is the ground state of the alkali atom. The excited state J=1 is Zeeman shifted and
split up into three energy levels with ML=0,+1,-1. The light coming from each direction interacts
only with atoms moving in the opposite direction.
Figure 2.2 demonstrates a general set up for magneto-optical trap. Atoms are trapped at
the cross section of three pairs of counter-propagating laser beams. At the center of the trap, the
quadrupolar magnetic field, created by two anti-Helmholtz coils goes to zero.
7Figure 2.2: Atoms are gathered at the center of the trap, where three pairs of counter-propagating
laser beams meet. The laser beams cause the atoms to slow down. The quadrupolar magnetic trap
is created by the two coils on top and bottom of the MOT. The two coils carry currents in the
opposite direction, which introduces a zero of the magnetic field at the center of the trap.
2.3 Experimental set up
The vacuum chamber for our MOT is made out of a rectangular pyrex glass cell that is
connected to a vacuum system. Two glass arms extend from the bottom and top of the cell and
each contains an atom source. While we have both Rb and K atoms sources, the only source used
for my experiment was Rb. The Rb dispenser introduces Rb vapor inside the vacuum, out of which
a small fraction will get trapped by the MOT.
There are two lasers used in the MOT, called the trap and re-pump lasers, which together
drive a cycling transition shown in 2.3. The trap laser, which is a Distributed Bragg Reflector(DBR)
laser, essentially does all the work and drives the strong 87Rb transition from 5S F=2 to 5P F ′ = 3,
where F is the total electronic plus nuclear angular momentum. However, since 1 out of 1000
times the 87Rb atom will be off-resonantly excited and decay to the 5S F=1 hyperfine state, the
atoms eventually fall out of resonance with the trap laser. Therefore, a hyperfine re-pumping laser,
which is an External Cavity Diode Laser (ECDL), is used to excite the atoms from the 5S F=1 to
5PF ′ = 1 or 2 state, from which they can decay back to F=2 and get excited again by the trap
8laser[3]. This allows many cycles of absorption and emission, which results in slowing down the
atomic beam. It is worth noting that since all the alkali atoms have only one valence electron in
their outer shell, a similar cycling transition is used for all alkali atoms. Figure 2.3 demonstrates
this cycling transition.
Figure 2.3: (a) The optical pumping process preventing cycling transitions in alkalis; (b) use of a
repumping laser to allow many absorption-emission cycles
In order to lock the lasers at the frequency of interest, a very small fraction of each laser’s
power ( 10% ) goes to a saturated absorption spectroscopy system, which provides a signal for a
feedback system that is used for locking the lasers. Both beams are then passed through a single
tapered amplifier to get amplified and produce a light beam of approximately 400 mW .
The light is then fiber-coupled and sent through a telescope in order to get the desired beam
size (beam waist of 0.25 cm). This beam is then split equally to three beams, each of which is
retro-reflected for the MOT. As described in the last section, the polarization of the beams is
important and therefore all three beams are arranged with the same circular polarization and the
three retro-reflected beams have the opposite circular polarization.
A pair of anti-Helmholtz coils, sitting on the top and bottom of the glass cell, provides the
quadrupolar magnetic field (Each coil has about 64 turns with radius of 3.2+0.1cm and the coils
are 6.5+0.1 cm apart). The current that runs through the coils is controlled by a standard servo
9system. Three orthogonal shim coils are used to cancel stray magnetic fields. These can be used
to position the trapped atomic cloud by moving the zero of the quadrupole magnetic field.
A small video camera is positioned on one side of the glass chamber and is connected to a
video monitor, where we can view the MOT. A photodiode is positioned on another side of the
glass chamber and sends a signal of the MOT to the oscilloscope, from which I could extract useful
information about the behavior of MOT. The photodiode sees light collected by a lens. This light
comes from the fluorescent light emitted due to spontaneous emission of trapped atoms inside the
MOT. The optimized position of photodiode was achieved when the photodiode was not facing the
glass directly. A slight tilt in the position of the photodiode with respect to the normal to the glass
surface area avoided back reflection of scattered light into the photodiode.
Typically, the MOT runs with about 100mW of light power. The trap light is red detuned by
18 MHz from the transition of interest mentioned above. From the photodiode signal, the number
of trapped atoms can be calculated using a two-level model [6]. Monitoring the photodiode signal
as a function of time can also give information about the MOT fill. An example of the calculation
of the number of atoms from the photodiode signal is demonstrated in appendix A.
2.4 Mathematical Model of the MOT fill
As described in section 2.2, atoms in a trap are subject to a force that is a function of both
position and velocity. The MOT is established in a low pressure cell containing small amount of
background Rubidium vapor and atoms with velocities below a critical velocity are captured into
the MOT at a rate Γ. This rate depends on the size and the intensity of the laser beams, and is
proportional to the partial pressure of Rb atoms in the MOT chamber. We can write this as:
Γ = ap87Rb, (2.1)
where I define p87Rb=p0 and a is just a coefficient relating the MOT loading rate to the partial
pressure of the Rubidium isotope of interest.
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These trapped atoms can fall out of the trap due to collisions with hot, un-trapped background
gas and this limits the steady-state number of atoms that can be held by the MOT. Thus, there is
a loss rate per trapped atom γ that depends on the total background pressure.
γ = bptotal, (2.2)
where b is just a coefficient.
Finally, the differential equation stated below describes the MOT fill:
dN
dt
= Γ− γN (2.3)
Here, N is the number of atoms in the MOT. In this model I have neglected intratrap collisions,
which would appear as an additional quadratic term in the differential equation. These collisions
did not appear to play any significant role in my experiment. The solution to this differential
equation is:
N(t) =
Γ
γ
(1− e−γt) (2.4)
If the MOT starts filling at time t=0, the number of trapped atoms at any time can be
written with the same functional form as that of a capacitor charging.
N(t) = Nmax(1− e
−t
τ ), (2.5)
where τ is the time constant of the MOT to load to its steady-state value of Nmax atoms.
Note that τ is also the exponential lifetime of an atom inside the MOT.
Now combining 2.4 and 2.5 we can write:
γ =
1
τ
(2.6)
Γ = γNmax =
Nmax
τ
(2.7)
11
The MOT parameters such as Nmax and time constant τ are characterized from a MOT
loading curve measured from the fluorescent signal picked up by the photodiode. An example of a
MOT loading curve is presented in figure 2.4.
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Figure 2.4: MOT loading curve is obtained from a photodiode signal, which picks up trapped atom’s
fluorescence. The time that takes the MOT to load is characterized by a time constant τ that is
measured as the time that it takes the system to reach (1-1/e=63.2%) of the MOT fill’s asymptotic
value. This asymptotic value of MOT fill is proportional to the number of trapped atoms. For this
data, the photodiode signal=0.5 V when there is no MOT, due to background light.
This loading curve is fit to the functional form of equation 2.5 to extract Nmax and τ .
Now I would like to turn my attention to the role of background pressure on the trap loss.
Before I begin this part, I think it is worth noting that the dispenser that is used to produce Rb
vapor in the MOT has some impurity. In particular, the dispenser has both Rb isotopes, 85Rb and
87Rb at natural abundance and 85Rb is the more abundant isotope of Rb and is not the isotope
that we use for trapping. Therefore, heating the dispenser changes the total pressure more than
just the increase in the the partial pressure of 87Rb, which is our isotope of interest.
Let’s assume that the total pressure has 3 contributions:
12
p = p0 + p1 + pbg, (2.8)
where the background pressure includes other alkali and non-alkali atoms present in the
vacuum chamber that are not affected by heating the Rb dispenser. Notice that p1 includes the
partial pressure of all impurities in the Rb dispenser and p0 as mentioned previously is the partial
pressure of 87Rb.
So we can write the loss rate due to collisions with background vapor as:
γ = bp0 + bp1 + cpbg (2.9)
Where b,c are just the proportionality constants.
Since the ratio of Rb isotopes in nature is constant (87Rb makes up only 28% of the Rb
isotopes) we can write the relationship between the partial pressures of different isotopes as:
p85Rb
p87Rb
= d = constant (2.10)
If I insert 2.10 into 2.9, I can write:
γ = b(1 + d)p0 + cpbg (2.11)
Now, inserting 2.1 into 2.9, I can write,
γ =
b(1 + d)
a
Γ + cpbg (2.12)
Replacing the constants, we can write:
γ = BΓ + cpbg (2.13)
Assuming the pbg will stay constant during our measurements, we can see that loss rate
increases linearly with the loading rate. This competing effect is the limiting factor in increasing
the number of trapped atoms in the MOT and I will explain this in more details in the next section.
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2.5 Competing effects and MOT limitation
As seen in the model, increasing the loading rate by putting more current in the dispenser, will
also increase the loss rate of the MOT. Figure 2.5 is obtained from the consecutive measurements
of MOT fills at various background pressures and it demonstrates this competing effect.
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Figure 2.5: Loading rates and loss rates of the MOT were obtained from the MOT fill curves
at various atomic vapor pressures. The pressure was changed by varying the current in the Rb
dispenser. As predicted by the model, the loading rate grows linearly with respect to the loss rate.
According to the model presented in the previous section, the y-intercept is a measure of the initial
background pressure, and does not change from one measurement to the other.
To overcome this competing effect, we would like to have large partial pressure of the 87Rb
for fast loading of the MOT and small total background pressure to reduce the losses due to many-
body collisions with the background gas. Therefore ideally, we would like to achieve fast switching
of the pressure inside the vacuum to maximize the collection efficiency of our MOT. The pressure
14
would ideally be high during the MOT loading stage and rapidly decrease as soon as the MOT has
finished loading.
This goal could be achieved if we had infinite pumping speed in our vacuum system, which
is not experimentally practical. To show this, I measured the time that it takes for the MOT to
reach steady-state after I decreased the current through Rb dispenser. Figure 2.6 demonstrates
this measurement.
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Figure 2.6: The measurement for this figure was taken after a sudden decrease of the current
through Rb dispenser. As demonstrated in the figure, it takes more than an hour for the system to
reach steady-state after this change which implies the slow pumping speed of our vacuum system.
As shown in the figure 2.6, it takes more than an hour for the MOT to reach steady-state
after changing the current through Rubidium dispenser. Increasing the current resulted in a fast
change in background pressure but reaching steady state after lowering the current, as shown by
the figure above took a much longer time, which is due to slow vacuum pumping speed.
Since changing the current through the source did not allow fast switching of the background
pressure, we had to think about other ways of achieving this goal.
Chapter 3
LIAD
3.1 Overview
Light Induced Atomic Desorption (LIAD), is a simple way to improve the MOT by modulating
the vapor pressure so that we can achieve high pressure for initial loading of the trap and then
low pressure to achieve long lifetime in the magnetic trap [7]. In this technique, a source of light
incident upon the glass walls of the vacuum chamber is used. When the light source is turned
on, alkali atoms that are stuck on the inner walls of the vapor cell are quickly desorbed and the
alkali vapor pressure suddenly increases. After the source of light is turned off the pressure quickly
recovers. This allows for faster loading of larger numbers of atoms into the MOT, while allowing
for low pressure required for long lifetime in the magnetic trap.
LIAD has been mostly used by experiments using the single MOT cell set up due to their
need for having control over fast switching of the pressure inside the cell (see Refs. [7, 8, 9, 10]) but
the promise of LIAD for increasing the number and lifetime of trapped atoms is appealing for our
experiments in JILA, also. This section will summarize a basic explanation of what LIAD is and
how does it affect the MOT, then I will tell you about my experimental set up used to measure the
effect of LIAD and at the end of this section I will include observations of LIAD and the results
that this effect showed.
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3.2 What is LIAD: How does it work?
Light induced atomic desorption (LIAD) is a non-thermal effect induced by light. This effect
on the desorption process of alkali atoms from the glass surface of the MOT chamber produces an
increase of atomic density in the vapor phase when the cell is exposed to a light with sufficiently
short wavelength.
In a vacuum chamber containing alkali atom vapor, a significant fraction of the atoms are
adsorbed on the glass surface. The atoms can be released from the cell surface into the gas phase
when the cell is illuminated with light of sufficient intensity and energy, which results in a significant
increase of the atomic vapor density[11].
The mechanism of LIAD is assumed to be based on charge transfer excitation from the surface
to the unoccupied orbital of the alkali atoms bound to the surface[12]. The incident photon’s energy
basically catalyzes this transfer. A minimum energy is required for this process, and therefore a
frequency threshold is observed in the desorption as a function of photon energy. For the photons
above threshold energy, the 5s valence electron in Rb atom transfers to the unoccupied 6s level.
This causes the neutral Rb atom to feel a repulsive potential, which causes it to dissociate from
the surface and diffuse through the vapor region of the cell [13]. The desorption efficiency of LIAD
is high enough that its effect can be detected even at room temperature [14].
LIAD, by increasing the diffusion rate of atoms into the vapor phase, introduces a large flux
of atoms to the trap, which will result in an increase of the number of trapped atoms. As soon as
the source of illuminating light is turned off, the atoms get reabsorbed by the glass surface and the
pressure goes down. This fast change of the partial pressure of alkali atoms is the key feature that
makes LIAD a very effective method of optimizing collection of atoms in the MOT. The increase
in the atomic vapor density when the LIAD light is turned on results in a faster loading of the
MOT. The fast decrease of the background pressure when the LIAD light is turned off minimizes
the losses due to collisions of trapped atoms with the hot (300K) background gas. These effects
combine to result in a larger MOT with longer trap lifetime, which is desirable for the ultracold
17
atom experiments.
Factors such as volume of the vacuum chamber, surface area covered by the LIAD light,
intensity and frequency of the desorbing light, temperature of the cell, purity of the dispenser
source of alkali atoms, and the coating of the cell wall can play a role in the observed effect of
LIAD.
3.3 LIAD experimental set up
Although the source of illuminating light is not required to be monochromatic[7], in my ex-
periment I used a blue ray laser diode, which was readily available and inexpensive. The wavelength
of laser used is 405 nm, which sits right at the end of the visible spectrum. The reason that I chose
this wavelength is that, the higher the energy of desorbing light the more atoms get knocked off
the surface and diffuse faster to the vapor region[8]. This chosen frequency produces high energy
photons and is safe to work with. It is worth noting that this frequency of the desorbing light is
far away from the strongest 87Rb resonance absorption lines at 780 nm and 795 nm. The desorbing
laser was first characterized by measuring the power emitted as a function of the current in the
laser. This laser threshold curve is shown in figure 3.1.
This blue laser diode beam was expanded using a converging lens so that it covers a larger
surface area of the glass cell wall. The photodiode used for MOT fluorescence detection is sensitive
to LIAD’s 405 nm light, therefore I had to install a 780 nm narrow bandpass optical filter centered
in front of the photodiode to avoid picking up stray light at 405 nm. In our first efforts without a
filter, the photodiode was saturated with the blue scattered light and so no MOT could be observed.
After installation of the filter in front of the photodiode, the transmission of 780 nm light through
the filter was measured to be 63% and this factor has been taken into consideration during all
measurements and calculations.
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Figure 3.1: The 405 nm laser diode exhibits a lasing threshold at 30mA and has a maximum power
of 400 mW at a current just below 350 mA.
3.4 Observations
In order to demonstrate the use of LIAD for the MOT, we conducted various experiments,
which I will present in this section. Figure 3.2 demonstrates an observation of LIAD. There are
four events in this figure.
(1) At t=0 sec, the MOT magnetic field is turned on, which turns on the trap. The MOT fill
maximum, which corresponds to the number of trapped atoms at this point, was measured
to be Nmax=(1.1+.3)× 108 Volts and the time constant τ of the MOT fill is measured to
be 8.3 seconds.
(2) At time t=25 seconds, the desorbing laser diode of 405 nm is turned on and we measure
Nmax= (6.2+2.0) × 108 Volts and τ= 3.9 seconds. Thus, the number of trapped atoms
increased by a factor of about 5.5 and the trapping time decreased by a factor of 2.
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(3) At t=50 seconds the magnetic field of the MOT was turned off but the desorbing laser was
kept on, just to check and make sure that there is no scattered light from the desorbing
laser picked up by the photodiode. Here we see the photodiode signal goes down to the
initial value at t=0 second, which demonstrates that there is no offset due to 405 nm light.
After a few seconds the magnetic field is turned back on and the MOT fill is observed until
t=75 seconds.
(4) At t=75 seconds, the desorbing light is turned off and the MOT fill value decays back to
the original fill, without LIAD. The time constant of this exponential decay is measured to
be τfall=7.25 sec, which is comparable to the MOT loading time constant in the absence
of LIAD.
As the figure demonstrates, LIAD allows for faster loading of MOT (shorter time constant)
and it also allows for trapping of 5 times more Rb atoms in our MOT. LIAD does not change the
problem regarding the competing effects of loading rate and loss rate introduced in section 2.4.
To show this, a plot of loss rate vs. loading rate of Rb atoms in the presence of LIAD is shown
in figure 3.3. As it can be observed from figure 3.3, the competing effect is still present and the
loss rate shows a linear relationship with loading rate. Instead LIAD induces a very fast change
of background vapor pressure. This fast increase of pressure at t=25 seconds, when the LIAD is
turned on, translates to a larger pool of atoms in the vapor phase that are ready to get trapped.
This is why we see the maximum number of trapped atoms increases drastically as soon as LIAD
is turned on.
Recall the model described earlier in the previous chapter. Since:
τ =
1
γ
(3.1)
and
γ ∝ ptotal (3.2)
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Figure 3.2: MOT is on with no LIAD during 0<t<25 sec, MOT on and LIAD on during 25
sec<t<50 sec, MOT off and LIAD on during 60 sec<t<75 sec, at t=75 sec the LIAD is turned off
and MOT is kept on.
Thus, the sudden increase of the total pressure of the atomic vapor due to LIAD translates
to a faster loading of the MOT.
A larger MOT number that is accompanied by a short lifetime is not useful for our experi-
ments, where we need a time on the order of a few seconds to deliver the atoms from the MOT to
the next stage of cooling. So the real advantage of LIAD to our experiment is the long lifetime of
this large number of trapped atoms. As the figure 3.2 demonstrates, the decay time constant after
the LIAD is turned off, is about 7.2 seconds, which is comparable to the loading time constant of
the MOT in the absence of LIAD. This is the time that it takes for the trapped atomic could to
shrink down to the original MOT fill value in the absence of LIAD. This long lifetime of trapped
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Figure 3.3: As we can see the loss rate grows linearly with the loading rate. For this data, LIAD
was used to vary the pressure in the vacuum chamber. Each point corresponds to a MOT fill with a
different optical power for the desorbing light. This plot shows that the competing effect, explained
in section 2.5 is still present in the MOT.
atoms allows us to deliver a larger sample of trapped atoms to the next stage in the experiment.
The effect of LIAD on the number of trapped atoms was also measured as a function of
changing power of the desorbing laser. As figure 3.4 demonstrates, LIAD’s effect on the MOT
increases with increasing desorbing light power. In addition, we see some evidence of saturation as
a function of the power.
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Figure 3.4: This figure shows the measurement of several MOT fill values at different laser diode
powers. Saturation behavior is observed.
Chapter 4
Conclusion and future work
This thesis presented my work in exploring Light Induced Atomic Desorption (LIAD) for
ultracold atom experiments. I demonstrated that LIAD allowed for fast switching of the atomic
vapor pressure inside the vacuum chamber. This resulted in a factor of larger than 5 increase in the
number of the trapped atoms, and also allowed for faster loading of the MOT. More specifically,
the time constant of loading of the MOT decreased by a factor of 2. I also demonstrated that LIAD
allows for long trap lifetime of the atoms. This long trap lifetime should allow us to achieve a large
final number of atoms in the quantum gas of interest.
The initial goal of the work was to explore LIAD and figure out the best set up for experiments
in our group at JILA. For this reason, I am going to do more work on LIAD during the coming
summer. I will be investigating how temperature affects LIAD, as well as what geometry will be
the best fit for our experiment. I am also interested in investigating how LIAD’s effect changes
when the LIAD light passes through the cell multiple times.
I will be setting up LIAD for KRb ultracold polar molecules experiment, and Bose-Fermi
mixture experiment in JILA, which are two of the ultracold quantum gas experiments that use
87Rb and 40K together in the same MOT. Investigating the LIAD for 40K is of much interest to
us because the room temperature vapor pressure of this atom is relatively small. Thus, to achieve
the sufficient vapor pressure for making a 40K MOT, we have to increase the temperature of the
vacuum chamber to about 50 Celsius. I would like to investigate if LIAD could potentially make it
unnecessary to go to this higher temperature. Ideally, LIAD increases the vapor pressure of alkali
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atoms inside the vacuum chamber almost instantaneously. Therefore, this increase in the vapor
pressure should allow the experiment to be run at lower temperature. To study the effect of LIAD,
I need to build a K MOT. I have already built the lasers that are going to be used in the K MOT
but I will be building the rest of the set up this summer. LIAD has shown promising results so far,
and the next step is to implement it in a few active experiments.
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Appendix A
Calculating the number of trapped Rb atoms
Spontaneous emission of photons produces fluorescent light, from which a small fraction goes
through a lens and gets collected by the photodiode. To find the number of trapped atoms, I need
to calculate the total power due to fluorescence of the trapped atoms and dividing the value by the
power due to a single atom.
Calculation of the fluorescence per atom:
The power emitted by one atom is:
psingle = Rhν, (A.1)
where R is the scattering rate of the photons and hν is the energy of the photon of frequency
ν. The scattering rate can be written as [5]:
R =
piΓ IIsat
1 + IIsat + 4(
∆
Γ )
2
(A.2)
Where Γ is the natural line-width of the transition and ∆ in equation A.2 is the detuning
from the resonance. Isat refers to the saturation intensity and I is the intensity of the trap light at
the atoms.
Γ is inversely proportional to the Rb’s excited state lifetime[5]. So since the excited state
lifetime is:
τRb = 26.63ns (A.3)
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then Γ is:
Γ =
1
2piτRb
= 5.977MHz (A.4)
∆ in equation A.2 is the detuning from the resonance. We lock our trap laser to a cross over
line that is 133 MHz from the F=2 and F’=3 transition. Then, using an acousto-optic modulator
we shift up the frequency to the desired red-detuned frequency. Therefore, ∆ can be written:
∆ = −2pi(133MHz − 115MHz) = −2pi18MHz (A.5)
Also in equation A.2 Isat refers to the saturation intensity.
Isat =
hcpi
τRbλ3
(A.6)
Notice that, c is the speed of light, h is the Planck’s constant and λ is the wavelength of the
incident light.
The last parameter to be defined from equation A.2 is I, which is the intensity of the MOT
beam. The total power in the three retro-reflected MOT beams was measured to be 90 mW for
this example. Since the power emitted by the beam is just the integral of the beam’s intensity, I
can write:
Ipeak =
2P
piw2
= 17.9
mW
cm2
(A.7)
We assume gaussian laser beams of the form:
I = Ipeake
−r2
w2 (A.8)
I measured the beam waist w to be 0.253 cm.
Now plugging in all the values introduced above into equation A.2 results in a scattering rate
of:
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R = 1.637× 106Hz (A.9)
To find the power using equation A.1, I need to find the energy associated with a single
emitted photon. Since the photons are emitted due to spontaneous emission, the wavelength of the
photon is equal to the energy level distance of the F=2 to F’=3 energy level, which is about 780
nm.
ν =
c
λ
= 7.67× 108MHz (A.10)
Now inserting all the values calculated into equation A.1 I get:
psingle = 4.14× 10−13Watt (A.11)
Calculation of the total fluorescence
Since the photodiode only picks up a small fraction of the emitted photons, the photodiode’s
geometry and distance from the MOT have to be taken into account. The solid angle fraction of
the photodiode is calculated here:
Ω =
1
4
(
r
d
)2 (A.12)
Where r is the radius of the lens in front of the photodiode and is measured to be 1.27 cm.
d is the distance of the photodiode lens from the MOT and is measured to be 4.5 cm. Therefore:
Ω = .02 (A.13)
The photodiode’s part number is PDA36A, with quantum efficiency of =.50 ampwatt . The gain
of the photodiode was set to 1.51× 105 voltsamp . Thus, doing a simple calculation we can find the total
power radiated by the MOT.
ptotal =
V
gainΩ
(A.14)
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where V is just the signal read by photodiode. If I use V=4 volts in this example then:
ptotal = .01W (A.15)
Now, I just need to divide the total power by the power emitted by one atom, calculated
above to get the total number of atoms in the MOT
N =
ptotal
psingle
= 6.15× 108 (A.16)
